Tumor necrosis factor (TNF) was first identified during a study of the antitumor activity present in sera of mice infected with bacillus Calmette-Guerin and subsequently injected with endotoxin (1) . TNF is a product of activated macrophages that has antitumor activity in vivo and in vitro (2) . TNF has also been implicated in the mediation of other activities associated with endotoxin, e.g., shock, cachexia (3) . Human and mouse TNFs have been cloned and show^-80% homology (2, 3) . Human lymphoblastoid cell lines also produce molecules [lymphotoxin and TNF(LuKII)] with the full range of TNF activities (4, 5) . Lymphotoxin has been cloned and shows -30% homology with TNF (6) .
The standard in vitro assay for TNF involves mouse L cells, a transformed fibroblast cell line (1) . L cells can be selected for their resistance to TNF by repeated exposure to TNF, and these resistant cells have been useful in distinguishing TNFs from other cytotoxic molecules (5) . TNF-sensitive L cells have receptors for TNF (7) (8) (9) (10) , and competition analysis studies show that mouse and human TNF and TNF(LuKII) bind to the same receptor (7) . In contrast, TNFresistant L cells (L,,) lack demonstrable cell surface receptors for TNF (7) .
In the present study, we report that TNF-resistant L cells produce a factor with the properties of mouse TNF.
Materials and Methods

Brief Definitive Report
TNFs and Antibodies to TNFs . The production and purification of mouse TNF and TNF(LuKII) were as described (11, 12) . The serum of a rabbit immunized with pure TNF(LuKII) served as a source of polyclonal antibody to TNF(LuKII). Human rTNF and rabbit polyclonal antibody to pure human rTNF were kindly provided by Dr . Michael Palladino, Genentech Inc. (South San Francisco, CA).
Production of LR Cytotoxic Factor . LR cells seeded at a density of 5 X 10 5 cells in 150-cm 2 flasks were grown for 3 d in Eagle's MEM (EMEM) containing 10% FBS . The medium was then removed and replaced with EMEM containing no FBS . These cells were allowed to incubate for 4 d at 37°C at which time the medium was harvested. This medium served as a source of the L,, cytotoxic factor. When necessary, the medium was concentrated using an Amicon cell (Amicon Corp ., Lexington, MA) containing a YM-10 membrane .
This work was supported by grants CA-40614, CA-38661, and CA-08748 from the U. S. Public Health Service, awarded by the National Cancer Institute. SDS-PAGE . SDS-PAGE was carried out in 18-cm slab gels according to published methods (13) .
In Vitro Cytotoxicity/TNF Assay . L cell cytotoxicity assays were performed as described (12) . Samples diluted twofold in 96-well microtiter plates were sterilized by ultraviolet radiation and TNF-sensitive L cells were added to each well at a density of 2 X 10' cells/well in 100 g1 . After incubation for 2 d at 37'C, the plates were examined under a microscope and the percentage of dead cells was determined . The number of units in a sample was calculated as the reciprocal of the highest dilution that killed 50% of the cells . All assays were run in parallel with a TNF laboratory standard, and all titers are expressed in laboratory units .
Radioiodination of TNF(LuKII). TNF(LuKII) was labelled with "'I using 1,3,4,6-tetrachloro-3a,6a-diphenylglycoluril (Iodogen ; Pierce Chemical Co ., Rockford, IL) as described (7) .
Assay for Binding of "'I-labelled TNF(LuKII) to Cells. TNF-sensitive L cells (LS) seeded in 25-cm' flasks at a density of 2 X 10 6 cells/flask were allowed to adhere to the flasks for 24 h . The cells were then incubated at 4 0 C for 4 h with either 75 U/ml of radiolabelled TNF(LuKII) alone (control) or with 75 U/ml of radiolabelled TNF(LuKII) and increasing amounts of the L,, cytotoxic factor . After 4 h, the cells were washed three times with cold PBS, scraped from the flask in PBS, and centrifuged at 15,000 g for 5 min over a cushion of PBS containing 5% sucrose . The sucrose cushion was then removed and the cell pellets were counted in a gamma counter . To determine whether the absence of demonstrable TNF receptors on L R cells is due to their production of a factor that blocks TNF receptors, we compared conditioned media from L R and L S cultures for their ability to compete with radiolabelled TNF in TNF-binding assays . Supernatants from L R cultures but not L S cultures showed strong TNF receptor-blocking activity . To determine whether the TNF-blocking factor in L,, supernatants has cytotoxic activity, we tested LR culture supernatants for the presence of a factor toxic to LS cells . Fig .  1 shows that L,, cells produce a factor that is released into the culture media and kills L S cells . L R cells are not sensitive to LR media, and LS cells do not produce cytotoxic factors for LS or LR cells . The L R cytotoxic factor was size-fractionated on a G-100 Sephadex column, and was observed to have a molecular mass of 43 kD under nondenaturing conditions (Fig . 2) . SDS-PAGE of this factor reveals recovery of activity at a molecular mass of 16 kD under denaturing conditions (Fig . 3) . These characteristics of the L a factor closely resemble mouse TNF and Accumulation of a cytotoxic factor in media conditioned by LR cells. Cells seeded at a density of 2.5 x 10 5 in 75-cm2 flasks were allowed to grow for 7 d. On days 3, 5, and 7, a sample of media was removed from cultures of La (A) and LS cells (0), and the cytotoxic activity present in the media was measured in an in vitro cytotoxicity/TNF assay. human TNF (2, 3). Neutralization tests with rabbit antisera to human rTNF (which has neutralizing activity for mouse TNF) or to TNF(LuKII) are summarized in Table I . The cytotoxic activity of the L,, factor is neutralized by antibody against rTNF but not by antibody against TNF(LuKII) . Competitive assays with the LR factor indicate that it quantitatively competes for the same receptor as TNF(LuKII) (Fig. 4) , human rTNF, and non recombinant mouse TNF. In the standard in vivo TNF assay, the LR factor induces necrosis of Meth A sarcoma (Table II) . The L,, factor also shows the characteristic TNF pattern of reactivity RUBIN 3 . Recovery of cytotoxic activity from L R-conditioned medium after SDS-PAGE . A 50-ul sample of concentrated L a-conditioned medium containing 700 cytotoxic units, adjusted to contain 0 .1 % SDS and 0 .1 M 2-ME was incubated for 10 min at room temperature, and then applied to a 12% SDS-polyacrylamide gel . After electrophoresis, the gel was sliced and the activity was eluted and assayed . The following proteins provided molecular mass markers : ovalbumin (43 kD), a-chymotrypsinogen (25 .7 kD), fl-lactoglobulin (18 .4 kD), lysozyme (14 .3 kD), and cytochrome c (12 .3 kD) . 
Discussion
Samples of TNF(LuKII), human rTNF, and mouse serum TNF were mixed with either 20,000 neutralizing units of rabbit polyclonal antibody directed against pure TNF(LuKII), 20,000 neutralizing units of rabbit polyclonal antibody directed against human rTNF, or no antibody . The LR cytotoxic factor was mixed with either 5,000 neutralizing units of antibody directed against TNF(LuKII), 5,000 neutralizing units of antibody directed against rTNF, or no antibody . These samples were allowed to incubate for 1 h at 37°C and then assayed for the presence of either TNF or the L R cytotoxic factor .
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on a panel of TNF-sensitive and TNF-resistant human cell lines (5, 14) , and has synergistic cytotoxic activity with interferon (5) .
Mouse L cells selected for resistance to TNF were found to produce a cytotoxic factor . This factor has biochemical and immunological characteristics of monocyte-derived TNF, is capable of competing with TNF for receptor binding, and causes the necrosis of the Meth A sarcoma in the in vivo TNF assay .
Several cell types of hematopoietic origin, including macrophages, lymphocytes, and lymphoblastoid cells, produce factors with TNF activity (2) . Our finding that nonhematopoietic cells of fibroblastic origin produce a molecule with TNF activity indicates that TNF and TNF-related molecules may have a role as mediators in cells outside the immune system . In this respect, the TNF family of molecules resembles the interferon family, in that many cell types have the capacity to produce interferons . IL-1, another mediator of macrophage origin, is also known to be produced by nonimmunological cells. It will be Receptor binding studies were performed as described in Materials and Methods. All values presented are expressed as a percentage of the radiolabelled TNF(LuKII) bound in the absence of the L n factor . 
